The relationship between shoulder function and overall function in the elderly patients is not well understood. It is hypothesized that there is an increased tolerance of shoulder dysfunction in this population. The purpose of our study was to investigate and better understand the relationship between shoulder function, general musculoskeletal health, and frailty in the elderly patients. Materials and Methods: The dominant shoulders of 75 individuals aged !65 years without known dominant shoulder pathology were assessed. Demographic data were collected. Functional evaluation was conducted by administering the Constant, American Shoulder and Elbow Surgeons (ASES), and the Short Musculoskeletal Function Assessment (SMFA) questionnaires. Shoulder range of motion and strength were measured and the Fried frailty phenotype was calculated. Mean age of the patients was 73.6 years. Sixty-seven percent of the patients were female. Mean body mass index was 31.2 kg/m 2 . Results: Twenty-eight percent of the patients reported the use of an assistive device for ambulation. As frailty increased among the 3 Fried frailty phenotypes (robust, prefrail, and frail), patients had statistically significant lower mean Constant scores (P < .0001), ASES scores (P < .0001), higher overall SMFA scores (P < .0001), and an increase in the use of assistive device for ambulation. Individuals who reported the use of an assistive device for ambulation had lower Constant and ASES scores (P < .0001 and P ¼ .045, respectively) and higher overall SMFA scores (P < .0001). There was no evidence of correlation between body mass index and any of the other measures. Conclusions: Frailty and the use of an assistive device for ambulation correlate with poor shoulder function in patients who do not register shoulder complaints and have no known shoulder pathology. Level of Evidence: Level IV, Prognostic.
Introduction
Shoulder pathology in the elderly patients is common. Multiple studies have shown that upward of 30% of people older than 65 years may suffer from one of several different shoulder conditions including rotator cuff pathology or arthritis. [1] [2] [3] [4] [5] [6] These conditions often lead to reduced shoulder function. [7] [8] [9] However, even when individuals in this population experience notable shoulder symptoms, fewer than 50% seek treatment for them. 2, 3 Functional evaluation tools were used (Constant and American Shoulder and Elbow Surgeons [ASES] scores) to assess baseline shoulder function, which was characterized in 430 asymptomatic elderly individuals. [7] [8] [9] [10] Katolik et al found statistically significant age-related differences in the Constant score in both men and women. 7 Employing the ASES shoulder questionnaire, Sallay and Reed found a trend of decreasing cumulative activity of daily living (ADL) scores by age.
an understanding of the relationship between shoulder pathology and overall physical function in the elderly population. We observed that patients who complained of lower extremity orthopedic conditions also had upper extremity dysfunction about which little complaint was made. We also observed that fewer shoulder complaints were registered by older and less mobile individuals. In light of these observations, we therefore hypothesized that decreased shoulder function in the elderly patients is associated with a general state of frailty. The primary aim of this research was to better understand the relationship between shoulder function, general musculoskeletal health, and frailty in the elderly orthopedic patient. This was accomplished by investigating specific variables known to affect physical functioning (frailty, body mass index [BMI] , general musculoskeletal health, and the use of an assistive device for ambulation) in a population of elderly patients without specific shoulder complaints or known shoulder pathology.
Secondary aims included the determination of (1) which of the aforementioned variables were stronger predictors of abnormal dominant shoulder function in the elderly population and (2) controlling for strength and range of motion of the dominant shoulder, which of the following-general musculoskeletal health, frailty, BMI, or the use of assistive devices for ambulation-most closely correlated with a decreased ability to attend to ADLs and an increased manifestation of shoulder pain in this population.
Patients and Methods
To determine whether decreased shoulder function is associated with generalized frailty, in this cross-sectional study, we recruited a convenience sample of patients (75 patients) older than 65 years who presented to a community orthopedic practice for a complaint not relating to the shoulder. Between June 2008 and July 2009, patients without known shoulder pathology were recruited from the senior author's clinical practice that has an emphasis on geriatric orthopedics. We obtained prior institutional review board approval for this study and informed consent from each patient.
Information about the patient's age, gender, hand dominance, living situation (independent or in a care facility), use of tobacco, medical comorbidities, presenting complaint, and the use of assistive device for ambulation was recorded. Patients were then asked to complete the Constant questionairres and the ASES (scoring ranges from 0 to 100, with lower scores indicating worse function and these shoulder function questions relating to their dominant shoulder only), while the Short Musculoskeletal Function Assessment (SMFA) questionnaire was used to assess generalized musculoskeletal health (ranges from 0 to 100, with higher scores indicating worse function). 10, 11 The dominant shoulder examination was then performed per the Constant scoring system. 10 In addition, the Fried phenotypic frailty assessment was completed by the principle investigator or a trained research coordinator. 12 Quantitative shoulder strength assessment was performed using a handheld dynamometer (microFET2; Hoggan Scientific, Draper, Utah). [13] [14] [15] Resistance in pounds of force of the dominant shoulder in abduction (90 in scapular plane), in abduction (arm at side), in forward flexion (90 ), in external rotation (arm at side), and in bear hug was recorded. Range of motion of the dominant shoulder (in external rotation, arm at side) was measured with a 14-in (36 cm) goniometer. Frailty was calculated using the Fried frailty phenotype assessment, scored on 5 components: unintentional weight loss, weakness, exhaustion, slow gait, and low physical activity. 12 Finally, the patient's height and weight were recorded for the BMI calculation.
The mean age of the 75 patients was 73.6 + 1.4 years, and 67% (+11.0%) were female. Ninety-two percent of the patients were right-hand dominant (95% confidence interval [CI], 83.4%-97.0%). Twenty-eight percent of the patients (95% CI, 18.2%-39.6%) reported the use of assistive devices for ambulation.
Data Analysis
Our study's primary aim was to describe our sample of elderly patients who registered no specific complaints and who had no known shoulder pathology. To meet this aim, we performed a descriptive analysis on outcome measures and other patient characteristics, summarizing continuous variables in terms of means and percentiles and summarizing categorical variables in terms of sample proportions. Our secondary aim was to assess the degree of association between shoulder function outcomes (Constant score and ASES) and other indicators of musculoskeletal health in the elderly patients. Associations were estimated using Pearson correlation coefficients when both the predictor and outcome were continuous variables. Mann-Whitney and Wilcoxon tests were used for binary predictors, such as ambulatory assistance device use. One-way analysis of variance was used to determine whether shoulder function outcomes differed among frailty phenotypes. Variability around our estimates was described in terms of 95% CIs. All hypothesis tests were 2 sided, with a ¼ .05. All statistical analyses were performed using the R statistical software platform, v 2.9.2 (R Project, Vienna, Austria). The b statistic in the multiple regression analysis used is a measure of how much we expect a response variable "y" to change when variable "x" moves by a certain amount and all other variables remain constant.
Results

Demographics
The correlations between patient demographics and strength are presented in Table 1 . In most cases, age was negatively correlated with strength, while height and weight were positively correlated with strength. Mean BMI was 31.2 + 1.7 kg/m 2 . There was no evidence of correlation between BMI and the Constant score, ASES score, SMFA score, or frailty phenotype (P > .05 for all; Table 2 ).
Functional Evaluation
The mean Constant score of the patient cohort was 79.4 + 2.9. The ASES scores were generally high, with half of scores being 2
Geriatric Orthopaedic Surgery & Rehabilitation greater than 95 and with 28 (37.3%) patients scoring 100. The lowest observed ASES score was 16.7. Higher Constant and ASES scores were associated with higher function and decreased pain. We observed a strong correlation between the Constant and ASES scores (r ¼ 0.70; 95% CI, 0.56-0.80). Individuals who reported the use of an assistive device for ambulation had lower Constant and ASES scores (P < .0001 and P ¼ .045, respectively; Figure 1 ). The mean overall SMFA score was 22.4 + 3.2, and the mean SMFA bother index was 23.6 + 4.0. Higher overall SMFA scores were associated with lower Constant scores (r ¼ À0.46, 95% CI, À0.62 to À0.26) as well as with lower ASES scores (r ¼ À0.42, 95% CI, À0.59 to À0.22). This relationship also existed between the SMFA bother index and Constant and ASES scores (r ¼ À0.25 and À0.28, respectively; Table 3 ).
Frailty Phenotype
The 3 Fried frailty phenotypes-robust (score ¼ 0), prefrail (score ¼ 1-2), frail (score ¼ 3-5)-had statistically significantly different mean Constant, ASES, and SMFA scores as well as required the use of an assistive device for ambulation ( Table 4 ). The lowest mean Constant score was recorded for the frail phenotype (58.0 + 18.1), followed by the prefrail phenotype (78.1 + 3.4) and then the robust phenotype (84.4 + 3.1).
A similar relationship was also observed between the Fried frailty phenotypes and the ASES scores (P < .0001). Likewise, large differences in overall SMFA scores were observed among robust, prefrail, and frail patients (P < .0001). There was also an increased use of assistive device for ambulation among the robust, prefrail, and frail patients (P < .0001; Table 4 ).
The results of our secondary aims showed that general musculoskeletal health, measured by SMFA score, frailty phenotype, measured by phenotypic frailty assessment (PFA) score, and the use of an assistive device, were all found to be the strong predictors of abnormal dominant shoulder function (Constant) , with SMFA score having the best predictive value (b ¼ .41, range: 1-100, P .001), frailty (b ¼ 5.49, range: 1-5, P .001), and the use of an assistive device (b ¼ 12.4, binary value, P .001; Table 5 ).
When we controlled for strength and range of motion of the dominant shoulder, SMFA (b ¼ .50, P
.001) and frailty phenotype (b ¼ 6.3, P
.001) closely correlated with decreased ability to attend to the ADLs but were not found to correlate with increased shoulder pain in this population. The use of an assistive device was similarly not found to be predictive in our cohort (Table 6 ).
Discussion
This study was conducted to better understand the relationship between shoulder function, general musculoskeletal health, and frailty in the elderly patients. Older patients may tolerate shoulder dysfunction and choose not to seek medical attention for their shoulder pathology either because of an acceptance to or disregard for their shoulder pain. To better guide clinical decision-making regarding the aggressiveness of detecting and treating musculoskeletal complaints in the elderly patients, we sought to determine which physical function-altering variable (frailty, BMI, general musculoskeletal health, and the use of an assistive device for ambulation) was a stronger predictor of abnormal dominant shoulder function. We postulated the existence of a correlation between shoulder function and frailty in the elderly patients.
Normative data for shoulder function in the elderly patients exist, although very few total patients have been studied. 7, 13, 16, 17 In a study that included 114 patients aged 60 years and older, Kim et al reported a correlation between weight, BMI, and shoulder strength. They also found an agedependent decrease in abduction strength and external rotation strength in male patients and an age-dependent decrease in abduction strength in female patients. Chakravarty and Webley et al described an age-dependent reduction in range of motion in a cohort of 100 patients aged 65 years and older. 18 In another study that included 25 patients aged 60 years and older, Sallay and Reed reported mean ASES to be 94. 9 Not surprisingly, Sallay and Reed also found that advanced age predicted increased ADL impairment, specifically in regard to the patients' ability to wash their backs and to lift an 9 lb weight above their heads. 9 Chakravarty and Webley also reported that pain causing disturbance at night was present in 24% of patients studied (14 in the 65-74 age-group and 10 in the >75 age-group).
3,18
Our study supported many of the findings of the above investigators. We found that increasing age correlated with decreased shoulder strength across 6 strength measurements 7, 8, 13 (Table 2 ). Sallay and Reed reported that patients aged !60 years had a significantly lower ability to lift 9 lb above shoulder level (P ¼ .0003) and wash their backs (P ¼ .03) when compared to younger cohorts. 9 Similarly, our study found that the ability to put one's coat unassisted, to wash one's back, to lift a 10 lb weight above the level of the shoulder, and to reach a shelf over one's head each significantly correlated with worse scores on the ASES, Fried frailty phenotype, SMFA, and Constant scores (P < .05; Table 3 ). The BMI did not correlate significantly with any of the outcomes in either men or women.
In addition to the objective shoulder function evaluations (Constant, ASES, and SMFA) that focus on specific musculoskeletal measures such as strength in abduction or pain with specific ADLs, our study found that increased frailty is significantly associated with decreasing shoulder function and worse Constant, ASES, and SMFA scores (Table 4) . Frailty is a common condition in the elderly patients that stems from decreased physiologic reserve and increased vulnerability to adverse outcomes, including loss of independence, increased hospitalization, and death. 12, 19, 20 Given that frailty is a constellation of signs and symptoms, it is often a challenge for clinicians to assess. 21 Pursuant to our secondary aims, it was found that SMFA score was the best predictor of abnormal shoulder function (Table 5 ) and that SMFA score was most predictive of decreased ability to attend to ADLs when strength and range of motion were controlled for (Table 6 ).
In our cohort of elderly patients without known shoulder pathology, those who required an assistive device for ambulation had an increase in Fried frailty phenotype (P < .0001) as well as lower Constant (P < .0001) and ASES (P ¼ .045) scores (Figure 1) . This finding supports a study by Tomita et al. who reported that physical disability level was the strongest overall predictor of assistive device usage in the frail elderly patients. 22 Identifying individuals without shoulder complaints but with decreasing shoulder function may be one way to provide early identification of frail patients who are at risk for that which frailty may bring, namely, a decline in function, increased hospitalizations, and early death. Given the fact that the elderly patients are often unknowingly frail, 23, 24 it is imperative that their musculoskeletal concerns are addressed with a patient-centered focus that is sensitive to frailty as well as to more traditional problem-or extremity-focused approach. 20, 21, 25, 26 In summary, we found that decreased ADLs, specifically the ability to put on a coat unassisted, to wash one's back, and to reach a shelf over one's head, corresponded with poor scores on shoulder assessments (Constant, ASES, and SMFA) and with increased Fried frailty scores. Due to the numerous challenges of a busy clinic (over booking, short visit time, decreased time for documentation/ charting, decreased staffing and decreased patient function due to dementia, and decreased physical strength and range of motion), it is not always possible to administer and score formal shoulder function assessments and to assess for frailty, and although our study reveals the superior predictive value that the SMFA and Fried frailty phenotype assessments offer, an effective frailty screening option in an orthopedic clinic might be to focus on asking questions specific to the abovementioned ADLs and to inquiring about the use of an assistive device.
There are limitations to this study. First, it represents a cross section of predominately white, English-speaking elderly individuals who were seen in an outpatient orthopedic clinic in the Midwest. Therefore, it may not represent the larger general population. Second, we recruited only patients who denied having a history of shoulder problems, yet 17.3% (13) stated that their dominant shoulder was not normal on the ASES. Third, we did not perform imaging on our patients or review any previous shoulder images. Therefore, some patients in the study with significant structural shoulder pathology may have been included. Given that the mean age of our patients was 73.6 years (standard deviation ¼ 6), we assume that some would demonstrate pathology on imaging. 13 
Conclusion
Decreased ADLs and the required use of an assistive device for ambulation corresponded with poor scores on shoulder assessments (Constant, ASES, and SMFA) and increased frailty. Additionally, SMFA score was found to be the best predictor of abnormal shoulder function and most predictive of decreased ability to attend to ADLs.
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